Purpose: To report refractive outcomes following phacoemulsification (PE) and posterior chamber intraocular lens (PCIOL) implantation in eyes with previous corneal refractive surgery. Methods: In this retrospective comparative study, 18 consecutive eyes of 14 patients with previous keratorefractive surgery for myopia including photorefractive keratectomy (PRK, 6 eyes; 33.3%) and laser in situ keratomileusis (LASIK, 12 eyes; 66.7%) underwent PE+PCIOL. Computerized corneal topography was employed to determine the flattest keratometric reading within the 3-mm central zone. This value was inserted into the Sanders-Retzlaff-Kraff/T (SRK/T) formula to calculate IOL power. IOL power selected for implantation was 1 D greater than the calculated value described above. Results: Mean age and follow-up period were 54.1±11.5 years and 29.9±26.3 months, respectively. Mean implanted lens power was 18.56±3.86 D which was not significantly different from mean back-calculated IOL power for target refraction (19.04±4.16 D) (P=0.28). There was no significant difference between mean target refraction (-0.94±0.52 D) and achieved postoperative spherical equivalent refractive error (-0.62±1.06) at final follow-up (P=0.28). The achieved spherical equivalent refractive error was within ±0.50 D of intended refraction in 8 (44.4%) eyes, within ±1.0 D in 11 (61.1%) eyes, and within ±2.0 D in 16 (88.9%) eyes. In a subgroup of patients (5 eyes) with complete pre-refractive surgery data, the difference between post-refractive surgery keratometry method and all other methods (P=0.02) and between the current method and the Feiz-Mannis method (P=0.01) was statistically significant.
INTRODUCTION
Patients with previous corneal refractive procedures such as radial keratotomy (RK), photorefractive keratectomy (PRK), and laser in situ keratomileusis (LASIK) encounter certain problems when they require cataract surgery and intraocular lens (IOL) implantation. They understandably have high expectations for uncorrected visual acuity, similar to what they experienced after refractive surgery. This causes a significant challenge because IOL power calculations after refractive surgery are known to be less predictable in these eyes as compared to eyes with virgin corneas. [1] [2] [3] [4] [5] Sources of unsatisfactory IOL calculations after laser refractive surgery include instrument errors, index of refraction errors, and formula errors. 6, 7 A significant source of instrument error is the fact that most keratometers measure central corneal radius of curvature in the 2.5 to 3.2 mm zone and assume a sphero-cylindrical cornea, an assumption that is incorrect after myopic refractive surgery, 5, 8 leading to overestimation of corneal refractive power by 15% to 25% and consecutively, hyperopic outcomes. 1, 9 Furthermore, when the anterior but not the posterior corneal surface has been modified as following myopic laser refractive surgery (but not after RK), errors due to an altered index of refraction occur because the relationship assumed in keratometers (1.3375) between the two surfaces is no longer applicable. 2, 5 Finally formula errors occur because the widely used third generation IOL formulas, such as the Holladay, Hoffer Q and SRK/T, use corneal power to predict the pseudophakic anterior chamber depth. Since the cornea becomes flattened after myopic laser surgery, the anterior chamber is incorrectly assumed to be shallow, while it actually has remained negligibly altered. 7 Therefore, these third generation formulas calculate a falsely shallow pseudophakic anterior chamber depth, leading to underestimation of IOL power. This IOL power underestimation stems from the overestimated corneal refractive power. 10 These sources of error culminate in what has been termed as "hyperopic surprise" commonly observed after cataract surgery in myopic excimer laser-treated eyes.
Several methods have been suggested to improve the accuracy of IOL power calculations 2,11-14 however, none of them appear to be adequately precise. Additionally, such diversity can easily generate confusion rather than accuracy. In the present study, we present the outcomes of a simple method of IOL power calculation after refractive surgery and evaluate its accuracy in comparison with other commonly used methods, namely the clinical history, 11 Feiz-Mannis, 12 and corneal power bypassing 13 methods.
METHODS
This retrospective comparative study was performed on 18 eyes of 14 subjects including 1 1 m a l e p a t i e n t s w h o h a d u n d e r g o n e keratorefractive surgery for myopia including PRK and LASIK. C-type cartridge (Alcon Laboratories Inc.). At the conclusion of surgery, the anterior chamber was formed and the clear corneal incision was hydrated to become self-sealed.
Postoperatively, sulfacetamide 10% eye drops every 6 hours and betamethasone 0.1% eye drops every 3 hours were prescribed. The antibiotic drops were discontinued after 10 days, while the corticosteroid drops were tapered over 4 to 6 weeks. Follow-up examinations were scheduled 1, 3, and 7 days, 1, 3, and 6 months, and every 6 months thereafter. During followup examinations, UCVA, BSCVA, keratometry, manifest refraction, and intraocular pressure were evaluated.
Statistical Analysis
Data was analyzed using the SPSS (version 15) statistical software (SPSS Inc., Chicago, IL, USA). Normality was checked by the KolmogorovSmirnov test and normally distributed data were expressed in mean ± standard deviation. The Student t-test was used to compare target and achieved postoperative refraction (the latter was expressed in spherical equivalent). One-way ANOVA was applied to compare IOL powers calculated by different methods. P-values less than 5% were considered as statistically significant. Intraocular lens power required for achieving the target refraction was backcalculated using stable post-cataract surgery manifest refraction and implanted IOL power as discussed by Olsen 15 and Aramberri 10 (Pt = Pi +1.5×R, where Pi = power of implanted IOL, R = difference between target and postoperative manifest refraction, and Pt = power required for achieving target refraction). This value was compared with the implanted IOL power.
In a subgroup of patients with available pre-refractive surgery data, the historical, 11 FeizMannis, 12 and corneal power bypassing 13 methods were used to determine refractive corneal power. These derived corneal powers were then used in the SRK-T formula to determine IOL power. The results were compared with the implanted and back-calculated IOL powers. Data before, immediately after refractive surgery, after stabilization of refraction and before development of cataracts was available in only 5 eyes (Table 1) , of which 4 had undergone LASIK. Spherical equivalent refraction was reduced by 4.91±1.65 D after refractive surgery in this subgroup of eyes (P=0.01). In these eyes, pre-refractive surgery data was available and it was possible to compare the accuracy of our method with other ones including the clinical history, Feiz-Mannis, and corneal power bypassing methods (Fig. 1) . IOL power calculation was lowest with the post-refractive surgery keratometry method and highest with the Feiz-Mannis method. The post-refractive surgery keratometry method was significantly different from all other methods (P=0.02). The difference between the current method and the Feiz-Mannis method was also statistically significant (P=0.01). Differences between the current method and other methods were not statistically significant.
RESULTS

Representative Case
A 46-year-old man underwent PE+PCIOL in his left eye because of a visually significant posterior subcapsular cataract 5 years after bilateral myopic PRK. Pre-PRK refraction and simulated keratometry reading had been -3.5-1.25×170 and 44.25×170°/46.25×80°. After PRK, refraction was -0.25-0.75×170°, simulated keratometric readings were 42.0×150°/43.5×60° and antero-posterior axial length was 25.20 mm. Target refraction after cataract surgery was set for emmetropia. IOL powers were calculated by different methods as follows:
Post-Refractive Surgery Keratometry Method
Using the mean post-PRK keratometry value (42.75 D), IOL power was calculated to be 16.50 D for target refraction.
Clinical History Method 11
A reduction of 3.5 D in the pre-PRK spherical equivalent refractive error was subtracted from the pre-PRK mean keratometry reading (45.25 D) to achieve a postoperative keratometry value of 41.75 D; calculated IOL power for the target refraction was 17.5 D.
Feiz-Mannis Method 12
According to the nomogram introduced by Feiz et al, 12 
Current Method
The 
DISCUSSION
Several methods have been developed to compensate for errors caused by inaccuracy i n c o r n e a l p o w e r m e a s u r e m e n t a f t e r keratorefractive surgery. 2, [11] [12] [13] [14] These methods include the clinical history method, 11 the Shammas refraction-derived corrected K value, 14 IOL power adjustment according to the amount of laser treatment, 2 the Feiz-Mannis method, 12 and a method that bypasses corneal power. 13 This variety however, is confusing. Additionally, there are drawbacks to each technique. These methods require knowledge of preoperative corneal power and the amount of myopic correction obtained by refractive surgery which may not be readily available. The contact lens method depends on obtaining an accurate refraction, which may not be possible in a patient with a visually significant cataract.
In this study, we evaluated the results of IOL power calculation using a simple method in comparison with other commonly used methods. In the current scheme, the flattest keratometric reading within the 3-mm central zone was determined using topography and the value was used in the SRK/T formula. As indicated in the current study, the flattest keratometry readings by topography are more accurate for calculating IOL power than values obtained by manual keratometry which tend to overestimate curvature. 18 The choice of the SRK-T formula was based on its accuracy in long eyes. 19 Therefore, patients would have become hyperopic if the results by the SRK-T formula had been used without adding 1 D. This undercorrection may stem from inaccurate keratometry index used by the topographer and/or shallow anterior chamber depth wrongly considered by the SRK-T formula due to flattened corneal curvature.
Results of the present study indicate that postoperative refractive error and implanted IOL power did not significantly differ from target refraction and back-calculated IOL power, respectively. Additionally, postoperative spherical equivalent refraction was within ±1.00 D and ±2.0 D of intended refraction in 61.1% and 88.9% of eyes, respectively. These results are in good agreement with refractive outcomes reported after cataract surgery in patients with previous refractive surgery. Furthermore, our results are very close to those reported in studies on patients who have not undergone excimer laser surgery. [20] [21] [22] Walter et al 13 described a method for calculating IOL power after LASIK in which pre-LASIK keratometric values and post-LASIK axial length were placed in the Holladay formula and the target refraction was set at pre-LASIK manifest refraction. Using this method which is independent of the inaccurate post-LASIK corneal power, they reported a mean postoperative spherical equivalent refractive error of +0.03±0.42 D, ranging from -0.625 to +0.75 D. Masket and Masket 2 found that the amount of treated myopia is the chief corrective factor in determining the most accurate IOL power calculation and developed a simple regression formula for IOL power adjustment. They noted that 3 D of laser correction will alter IOL power by approximately 1 D. Using this correction factor for 30 eyes, they reported that more than 90% of operated eyes had postoperative refraction within ±0.5 D of target refraction with mean error of -0.15±0.29 (range, -0.75 to +0.5) D. Feiz et al 12 determined the IOL power for emmetropia before LASIK supposing that the patient had had no corneal refractive procedure. Then, they predicted the power by subtracting the change in preoperative myopia from this value and developed a nomogram to adjust IOL power based on the amount of change in refractive error.
Using Orbscan II to measure the central 2mm In 5 eyes of our series, it was possible to calculate the IOL power backward using the clinical history, Feiz-Mannis, and corneal power bypassing method. Compared to our method, the Feiz-Mannis method yielded significantly higher IOL powers. However, there was no significant difference between IOL power calculated by the Feiz-Mannis method and backcalculated IOL power, or between the present, clinical history, and corneal power bypassing methods. This finding means that our method is at least comparable to the abovementioned methods in term of accuracy and can be used interchangeably. However, considering the small number of eyes in this subgroup, it is difficult to reach a definite conclusion. Further studies with larger sample size are required to reach a reliable conclusion.
In summary, the majority of patients obtained satisfactory visual outcomes using the present method which does not depend on pre-refractive surgery data. However, a significant percentage had unacceptable postoperative refractive errors. Patients should have realistic expectations and they should be informed about the possibility of needing, glasses, IOL exchange or further laser refractive surgery.
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